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IVIEXHOO ^ISTO ^PPA.RATUS FOR XME TSTOInT-DESXRUCXWE 
A^IsTD CONXACXLESS DEXECXIOlSr OF FAULXS IN A 
XESX PIECE WHICH IS MOVED R.ELAXIVE XO A. PROBE 

Ba-dcgrovLrwi of tlie Iirvention 

Field, of thie Invention 

[OOOl] Xlie present invention relates to a methocl and an apparatxis for tiie 

non<iestnictive and contact-free detection of faults, particularly by means of eddy currents, in 
a test specimen wtticli is moved relative to a probe ttiat is cliaracterized by an effective width., 

Description of Related Art 

[0002J A conventional measixrement metiiod for th.e nondestmctive and contact-firee 

detection of faults in a test specimen, in parti cxilar a metal semifinisbed product,, is to induce 
and measure eddy currents in tbe test specimen. In tbis case, periodic electromagnetic 
alternating fields are applied to tbe test specimen using a transmission coil wbicb is energized 
sinusoidally. Xbe ^Idy currents wbicb are tbereby induced in the test specimen, in turn, 
induce a periodic electrical signal in a coil arrangement which is used as a probe and can 
have an individual coil ("absolute coil") or two coils which are connected subtractively 
("differential coil"), the electrical signal having a carrier oscillation corresponding to the 
transmitter carrier frequency, the amplitude and/or phase of which is/are modulated in a 
characteristic manner as a result of a fault in the test specimen if a fault reaches tbe sensitive 
region of the probe, i,e., the effective width of the probe. In order to scan the test specimen, 
tbe test specimen is usually moved linearly with respect to the probe^ but arrangements 
having a rotating probe are also known. Xhe signal detected by the probe is usually 
demodulated in an analog manner, for ex.ample^ using synchronous demodulation, and is then 
evaluated in order to detect faults in the test specimen. In this case, the signal is usually 
digitized only for the evaluation and representation of the fault signal, that is to say after the 
coil signal has been demodulated. 
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[00031 Sucli ed-d-y current ineasvirement metliocis aro relatively complicated, and. 

expensive on accotznt of tlie oiitl ay needed for the analog demodiJilation. It must also be taken 
into account tliat> for different relative speeds between ttie test specimen and tlie probe, that is 
to say in the case of different output rates and test speeds, different sets of filters are usually - 
requh-e<i for the demodulated signal, thus entailing additional outlay in the case of a variable 
test specimen speed. 

[0004J U,S, I^atent 5,175,498 describes an eddy current measurement method in 

which even the measurement signal which has been picked up by the coil probe is digitized 
using a triggerable A^D converter and is then filtered in digital form using Fourier 
transformation. Triggering of the A/D converter, i.e., the sampling rate, is controlled as a 
function of the forward feed speed (detected using an encoder^ of the test specimen in order 
to avoid errors (which result from the test specimen being moved backward) when evaluating 
the signal. 

[OOOSJ U.S. Patent 4,445,088 describes a stray magnetic flux measurement method in 

which a metal test specimen is moved relative to a probe, the measurement signal detected by 
the probe being digitized using a triggerable A/D converter after said signal has passed 
through a bandpass filter, and triggering of the converter, i.e., the sanxpling rate, being 
controlled by the forward feed speed (detected using a speed sensor) of the test specimen. In 
order to detect faults, the amplitude of the digitized signal is evaluated in order to determine 
whether it has exceeded a threshold value, the selection of the sampling rate as a function of 
the testing speed being used to achieve a prescribed ineasurement accuracy that is 
independent of the t^t specimen speed. 

Suirmiary of the Invention 
It is an object of the present invention to provide a particularly simple method 
for the nondestructive and contact-firee detection of faults in a moving test specimen, in 
w^hich method a probe is used to detect a periodic electrical signal whose amplitude and/or 
phase is/are modulated as a result of faults in the test specimen. Xhe intention is also to 
provide an apparatus which is suitable for carrying out such a method. 
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[0007] jVocording to tiie invention, tlxis obfject is aotiieveci hfy the JsJJ^ converter stage 

being triggered at an ntli integer fraction of tlie freqxiency of the carrier oscillation, n being 
selected as a function of tlie fault frequency whicli is obtained as the quotient of the relative 
speed between the test specimen and the probe and the efjfective width of the probe^ and the 
freqixency-selective second filter unit being adjusted as a function of the fault frequency. 
[OOOS] One fundamental aspect of the present invention is that the probe signal is 

sampled, i.e., digitized, at an integer fraction of the frequency of the carrier oscillation, i.e., 
the carrier oscillation is undersampled. 

[0009] This eliminates the carrier oscillation from the m.easurement signal^ as a result 

of which the otherwise customary dexnodulation of the measurement signal is dispensed with 
and it is thus possible to considerably simplify the method and to considerably reduce the 
outlay for demodiilation, for example, analog S3m^cbronous demodulation, wbich is otherwise 
required, thus resulting in considerable cost savings and, if appropriate, also in savings in 
installation space. 

[OOlO] Undersampling also m.alces it possible to use A/O converters which have a 

very high resolution and are usually relatively slow, i.e., their maximxim. sampling rate is 
relatively restricted. 

[OOlX] In addition, undersampling results in the useful signal being obtained at a 

relatively slow data rate, thus in turn, facilitating representation of the useful signal, with the 
result tbat standard bus systems and i>ossibly radio bus systems can be used, for exaoiple, 
w^hich. would not be possible at high data rates or would be possible only after data 
compression. 

t0012J Undersampling also allows the m^easurement method to be carried out with a 

relatively low power consumption, in which case the transmitter could be switched off, even 
during inteiv^als of time in which no sampling is being effected, if sampling is effected, for 
example, only during every tenth period of tbe carrier oscillation or even more rarely. This 
aspect is particularly important for portable devices during battery operation or if a cableless 
Ci.e., wirelessly connected to the evaluation unit) probe is to be used. 

£00x33 Finally, reduced (in comparison with quasi-continuous sampling) 

susceptibility to nonperiodic interference signals may result during xmdersampling since such 
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interference signals are not perceived at all in the nseful signal provided ttiat tliey do not 
occiar in the respective sampling period, wllereas all of the interference signals are reflected 
in the xisefUl signal in the case of cjuasi-contin\ioiis sampling- 

[0014] In accordance with another ftwidamental aspect of the invention^ the sampling 

rate, i,e,, the degree of imdersaxnpling, is selected as a function of the so-called fault 
frequency, that is to say Ihe quotient of Hie relative speed between the test specimen and the 
prohe and the effective width of the probe . 

[0015] Since the duration of the useful signal caused by a fault,^ and thus, the jfeult 

frequency, essentially depend only on the extent of the sensitive region of the probe, i,e,, the 
effective width, and on the relative speed between the test specimen and the probe, it can be 
ensured in this manner, on the one hand^, that the accuracy with which the useful signal is 
repx-esented does not depend on the speed of the test specimen (it can be ensured, by 
appropriately selecting the sampling rate, that approximately the same number of sampling 
points always occur in each fault signal) and it can be ensured, on the other hand, that the 
fault signal of a particular fault essentially looks the same irrespective of the speed of the test 
specimen, thus greatly sirrlplifying detection of the fault. 

Another advantage of undersampling that is matched to the speed resides in 
the fact that-, in this manner, the digital filter unit which is used to filter the digital 
measurement signal provided by the AVD converter stage in order to obtain an interference- 
free useful signal can be adjusted in a very simple manner as a function of the fault 
frequency^ namely by clocking the digital filter at the sampling rate (in the case of a digital 
filter, the cut-off frequency depends directly on the clock rate). This makes it possible to use 
one single set of filters whose cut-off frequencies are automatically matched to the bandwidth 
(which is dependent on the test specimen speed) of the fault signal by appropriately selecting 
the sampling rate, i,e., the clock rate, 

[OOIT] The so-called fault frequency usually corresponds to the maximum of the fault 

spectrum, i.e., the frequency with the highest intensity. The fault bandwidth is the frequency 
range around the fault frequency in which information that is still decisive for detecting faults 
or representing faults can be found. The effective width of the probe depends, on the one 
hand, on the geometric configuration of the probe but also on the botmdary conditions for use 
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of th.e prot>e, for exiample, the <iistaxice between ttie probe audi tlie test specimen (fillirLg 
factor), th.e fireqiaency of the cm-rier oscillation, the material of the test specimen etc. 
Physically, the effective width corresponds to the length which corresponds to the reciprocal 
of the fault firequ-ency and is obtained from the test specimen speed divided hy twice the fault 
frequency. TThe effective width thus specifies the length over which a particular (fault) 
location in the test specimen can influence the measurement signal piclced up hy the prohe, 
[OOlS] The invention preferably uses the measurement of eddy currents in the test 

specimen, that is to say the transmitter is a coil to which a radio frequency A.C voltage, 
preferably in the frequency range from 1 kHz to 5 IvlHz, is applied in order to induce eddy 
currents in the test specimen, the probe being a coil arrangement in which the eddy currents 
induce the periodic signal. In this case, the probe is preferably in the form of a differential 
coil. ■ 

[00191 ^Alternatively, however, the invention may also be based on a so-called 

(Electromagnetic A^coustic Transducer) method, the transmitter using electromagnetic 
excitation to generate sound waves in the test specimen, and the probe detecting sound waves 
in the test specimen and converting them into the periodic electrical signal. 

t0020] In another variant, the invention may use microwave measurement, the 

transmitter radiating microwaves into the test specimen, and the probe converting 
microwaves into the periodic electrical signal, 

[0021] The relative movement between the test specimen and the probe preferably 

results from the test specimen being moved linearly with respect to the probe, hi principle, 
however, the relative movement between the test sj>ecimen and the probe may also result 
from the probe rotating with respect to the test specimen. 

[00:22j Xfae A.C voltage for the transmitter rhay be generated from a binary signal by 

means of curve shaping, the trigger signal for the >\/l> converter stage preferably being 
generated by the frequency of the binary signal that is used to generate the transmitter 
voltage being divided by an integer. The integer by which the frequency of the carrier 
oscillation is divided in order to trigger the AVD converter stage is preferably selected to be 
inversely proportional to the fault frequency so that the sampling rate selected may be 
selected to be at least approximately proportional to the fault frequency. This integer is 
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preferably selected, in siicli a maimer tliat at least 5, preferably at least 20-> but at most lOO, 
prejEerably at most 50, sampling operations are effected by tbe A/D converter stage in a fault 
interval, i.e,^ an interval of" time wbich. corresponds to the inverse of the fault freqnency. 
[0023] j^s already mentioned, the frequency-selective second filter nnit may be 

automatically adju-sted as a fimction of the fanlt frequency hy the second filter tmit being 
clocked at the sampling rate for each AJT^ converter stage since, in the case of a digital filter, 
the cnt-off frequency is directly proportional to the clock: Jfrequency. The second filter unit 
expediently has a low-pass fiit^ in order to remove components ontside the fault bandwidth 
and a high-pass filter in order to remove OC components of the digital signal- Xhe cut-off 
frequency of the low-pass filter is expediently higher than the fault frequency, preferably 
higher than twice the fault frequency, while the cut-off frequency of the high-pass filter is 
less than the fault frequency^ preferably less than a quarter of the fault frequency. Since the 
preferred cut-off fr-equencies of the second filter unit depend directly on the fault frequency,, 
it is possihle, by virtue of the sampling rate of the sigiial lilcewise being selected as a function 
of the fault frequency and the second filter unit being clocked at this sampling rate^ to 
automatically optimally match the cut-off frequencies of the filter unit to the fault frequency, 
i,e., the test specimen speed and the effective width of the probe^ in a particularly simple 
manner. In principle, the cut-off frequencies may be closer to the fault frequency than in 
conventional methods since, as a result of the filters being accurately traclced w^ith respect to 
the fault frequency, i.e., the test specimen speed-^ in particular, the risk of the filters cutting off 
fault information is reduced. 

[002143 Xhe frequency of the carrier oscillation is preferably selected in such a manner 

that it is at least ten times, better still at least twenty times, the fault frequency since the 
ability to reproduce a fault (i.e,, the ability to reproduce a fault signal that is t^^ical of a 
parti CTxlar faulty may otherwise be impaired, which would make it more difficult to detect 
faults. 

[002S] Although solutions are also possible, in principle, in which only one individual 

value is detected for each full cycle sampled, in which case it would then be necessary to 
determine the phase angle indirectly, two values with a fixed phase offset are preferably 
obtained for each full cycle sampled, this preferably being carried out using two J^JJI> 
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converters, i.e., the converter stage lias two converters wliicli are connected in parallel 

and are triggered at tlie same Jfireqnency in sucli a way tbat thiey sample in a manner offset t>y 
a fixed phase difference, the phase difference preferal^ly heing or an integer multiple of 

360*^ pins 90^ (however^ the phase difference need not necessarily be exactly 90*^ hnt rather 
conld be between 85 and 95 °j for example). Snch phase-offset sampling can he used to 
ensnre that, despite the nndersampling, the maximnm amount of signal information is 
obtained, and the digital measurement signal is obtained in the form of a two- component 
signal, i,e,, with phase and amplitude information, thus improving the detection of fenlts. In 
this case, it is expedient for the two components of the digital measurement signal provided 
by the A/O converter stage equipped with two A/D converters to be filtered separately using 
the second filter unit in order to obtain the useful signal in the form of a . two-component 
signal, the two components then being able to be taken into account when evaluating the 
useful signal. 

In order to carry out such phase-offset sampling, it is not necessarily required 
to use precisely two JWX> converters. Instead of this, it would also be possible to use only a 
single jAyD converter which is sufficiently fast and carries out the two sampling operations, 
i.e., that at O"^ and that at 90^, these two sample values then being processed ftirther 
separately, as when using two AJJy converters, in order to achieve two-component signal 
evaluation. It would be possible to use very slow .AyO converters if, for example, xise is made 
of 4, S or 16, etc. ATD converters which do not become active upon each trigger pulse that is 
applied to the J^II> converter stage but rather only become active upon every 2nd, 4th or Sth 
etc. trigger pulse, i.e., the sarnpling work for each of the two phase angles is respectively 
appropriately divided, in terms of time, between a plurality of A/D converters. 

[0027j The j^E> converter stage preferably has a resolution of at least 16 bits, use 

preferably being made of flash converters or converters. 

[0028] The application, i.e., the radiation, of the electromagnetic alternating fields to 

the test specimen using the transmitter may, in principle, be interrupted at least for part of 
each interval between two successive trigger signals for the A/D converter stage since signals 
are not detected, i.e., sampled, anyway in this time (^depending on the specific situation, these 
sanapling pauses may, under certain circumstances, extend over a large number of periods of 
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Hie oarrier oscillation) < Tliis malces it possil>le, particularly in the case of" portable measiaring 
devices J to considerably save on power consxiniption, tliias making it possible^ £or example^ to 
considerably reduce tb.e dimensions and weigbt of tbe power supply elements. In a similar 
manner, on the signal detection side^ the electronics, i.e.,. the signal processing processor, in 
particular, may also be shnt down in the interval between two sampling operations in order to 
save power. 

|_0029J Xhe first filter nnit preferably has a low-pass filter which acts as an aliasing 

filter as regards the sampling l5y the A/D converter stage, a liigh-pass filter also preferably 
being provided in order to remove low-freqnency interference signals. Xhe first filter nnit is 
usuially in the form of an analog filter. A. eontrollal>le amplifier is preferably also provided 
downstream of the first filter nnit in order to change the filter signal to the amplitude that is 
optimally sniterd to the A/D converter stage. 

[0030] Xhe speed of the test specimen is preferat>ly determined by means of 

3meas\irem ent, for example, using an encoder. If it is not absolutely necessary to measure the 
testing speed because,, for example^ it is known anyway with sufficient accuracy at any 
measurement time, the speed may also be firmly prescribed as a parameter. 

[00311 A. digital signal processor which preferably also forms the second filter unit is 

preferably used to control the A/'D converter stage, i.e., the selection of the trigger times, and 
to process the digital signal provided by the A/D converter . stage. Xhe drive device for 
triggering the converter stage preferably has a source (which may be formed by a timer) 

for a binary signal and a divider which is used to divide the binary sigrial by an integer in 
order to generate the trigger signal for the A/D converter stage, the binary signal being 
processed by a curve shaper in order to provide the supply voltage for the transixdtter, Xhe 
timer may be part of the digital signal processor or may l>e separate therefrom. Xhe divider is 
preferably separate from the signal processor and is in the form of a PAL (Programmable 
Array Logic) module, 

[0032J Xhe invention will be e?cplained, by way of ex.ample, in more detail below 

with reference to the accompanying drawings. , 
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Brief Description of ttte Drawings 
[0033] Fig- 1 sclTLeiiia.tica.lly sHows one example of an einbodlmeot of an ed.<iy 

ci^rrent measxxring a.pparatixs a.ccor<ling to tiie present invention; and 

[0034] Fig. 2 schematically sliows one example of the profile of a prohe signal 

during digital sampling. 

Detailed. Description of the Invention 
£0035] Fig. 1 shows one example of the design of an eddy ciorrent meEtsnxing 

apparatus according to the invention. In this case, a test specimen 13, which is in the form of 
an ind-ustrial semifinished product, for example, a slah, is moved linearly past a t^t station 1 1 
at a variahle speed v is tested, the speed being detected hy means of a speed sensor IT which^ 
for example, can emit a signal that is essentially proportional to the speed v. In this case, the 
signal may he, for example, a s<inare-wave signal which, for example, contains one pulse for 
evei-y 5 mm of forward feed of the test specimen 13. 

[00361 The test station 1 1 has a transmitter in the form of a transmission coil 12 and a 

prohe in the form of a reception coil 14. The transmission coil 12 is used to induce eddy 
currents in the test specimen 13 hy means of an electromagnetic alternating field at at least 
one prescribed carrier frequency, the eddy currents, in turn, inducing an \AlO voltage in the 
reception coil 14 which acts as a probe signal and has a carrier oscillation at the carrier 
frequency of the transmission coil 12. The amplitude and the phase of the prohe signal is 
modulated as a result of a fault 15 if the fault 15 reaches the effective width WB of the 
reception coil 14. Xhe reception coil 14 is preferably in the forrri of a differential coil, that is 
to say, in the form of a coil which has two windings (which are wound in opposite directions) 
and reacts only to changes in the electrical properties of the test specimen on account of the 
presence of a fault 15. Differential coils are suited, in particular, to detecting sudden changes 
in the test specimen 13. However, instead, an absolute coil could also be used as the 
reception coil 1 4, the absolute coil comprising a plurality of windings which are wound in the 
same direction and heing suited, in particular, to detecting long homogeneous changes in the 
test specimen 13. . 
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[003T] Tlie voltage for the transmission coil 12 may l>e generated, for example, t>y a 

binary signal wliicli is generated V>y a timer nnit 44 feeing snpplied. as a predejBned frequency 
to a generator 48 which uses that frequency to generate a sqnare-wave signal or else a 
sinnsoidal signal which passes through a curve shaper 40 and is then amplified hy means of a 
power amplifier 42 hefore it is sujyplied to the transmission coil 12. Xhe signal preferably has 
a sinusoidal waveform, and in the simplest case, contains only a single carrier frequency. 
However^ measurements involving a plurality of carrier frequencies at the same time and/or 
carrier signals which differ considerably fi-om sinusoidal oscillations are also possible,, in 
principle- Xhe carrier frequency is typically in the range from^ 1 kHz to 5 h/LHz, 
[0038] Xhe probe signal picked up by the reception coil 14 passes through a bandpass 

filter 18 and an adjustable preamplifier 16 before it is supplied to an A./I> converter stage 3 5. 
Xhe bandpass filter 18 is used^ on the one hand, by means of the low-pass filter, as an 
anti-aliasing filter as regards the digitization of the signal by the A/D converter stage 35, and 
is used, on the other hand, by means of the high-pass filter, to remove low- frequency 
interference signals. Xhe adjustable preamplifier 16 is used to change the amplitude of the 
analog probe signal to the amplitude which is optimally suited to the A/ID converter stage 35. 
[0039] Xhe AyO converter stage 35 has two J^JD converters 32, 34 which are 

connected in parallel and should have a high resolution, but at least a resolution of 16 bits, 
preferably at least 22 bits, and should preferably be able to carry out at least 500 j^/D 
conversions per second. Xhe A./II> converters 32, 34 are preferably in the . form of fiash 
converters or S^^R (Successive -Approximation Register) converters. 

[0040] Xhe Au/O converter stage 35 is triggered by a drive device 37 which h^ the 

timer unit 44^ the cosine generator 48, a sine generator 46 which is arranged parallel to the 
sine generator 46, and a fi-equency divider 30. Xhe signal which is generated by the cosine . 
generator 48 (which is at the frequency of the carrier frequency of the supply signal for the 
transmission coil 12) and the signal from the sine generator 46 (which corresponds to the 
signal firom the cosine generator 4S but has been phase- shifted through 90^ with respect to the 
signal firom the cosine generator 48) are present at the input of the frequency divider 30: In 
the fiequency divider 30, the frequency of these two signals is divided by an integer n. 
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[0041] Xtie corresponding oxitpxit signal wliose frequ-ency has been reduced is x^ed to 

trigger tlxe A/D converter 32 or tfcie ATE) converter 34. Xlie nnml?er n. for the divider 30 is 
selected hy a digital signal processor 40 as a Sanction of the fault firequency^ i.e.^ the qiiotient 
of the instantaneous test specimen speed v and the effective width WB. of the reception 
coil 14. Xhe value of n is preferably selected to be inversely proportional to the fault 
frequency so that the trigger rate of the A/D converter stage 35 is at least approximately 
proportional to the fault frequency. In this manner^ if the effective width WB is assumed to 
be constant to a first approximation and if the test speciinen speed v is higher, and thus^ the 
fault frequency is higher^ the analog probe signal is conrespondingly sampled more 
frequently. 

f0042J Xhe divider 30 is preferably in the form of a so-called PAL^ (^Programmable 

Array Logic) module in order to ensure that the trigger signals arrive at the A/E> converter 
stage 35 in a manner such that they have been delayed as little as possible (i^g,^ 
synchronously) with respect to the output signal from the cosine generator 48 and from the 
sine generator 4^ and have no phase jitter. 

(00431 On account of the corresponding phase shift between the two input signals for 

the divider 30, the two A/D converters 32, 34 are also triggered with a fixed phase offset of 
90^- Xhis makes it possible for the analog probe signal to be evaluated in two components, 
i.e.^ both in terms of amplitude and phase. It goes without saying that the phase delay 
between the trigger signal for the A/D converter stage 35 and the signal from the transmission 
coil 12 should be as short as possible, in which case so-called phase jitter, in particular, 
should also be avoided, i.e., the phase relationships should be as precisely constant as 
possible in terms of time^ 

[0044J Xhe drive device 37 -shown is used to ensure that the analog probe signal is 

sampled at most once per full cycle of the carrier oscillation by each A/JD converter 32, 34 <^in 
this case, n is equal to 1). However, depending on the instantaneous fe.ult irequency^ that is 
to say the test specimen speed n may become considerably larger than 1, with the result 
that only one sampling operation is carri^l out at all during every nth full cycle of the carrier 
oscillation. 



Docket ]Sro. 7^1 124-124- 

[00451 Fig, 2 shows an ex^ainple in wliich. n. is equ.al to 2, i.e., eacli A^/T> converter 32, 

34 carries out one respective sampling operation J^n^ only ciuring every second fiill cycle, 
[0046] Since, however, in all cases, sampling is carried out at most once per fiill cycle 

for each j^/D converter 32, 34, this nndersampling results in the frequency of the carrier 
oscillation, i,e-, the carrier ti-equency, being eliminated firom . the digital signal, i.e., 
nndersampling is used to demodulate the analog probe signal . 

[004T] " Xhe valne of n is preferably selected in sxxch a manner that at least 
preferably at least 20, sampling operations are carried ont by each ATD converter 32, 34 in the 
interval of time in which a significant favtlt. signal is observed, that is to say in the interval of 
time in which a point of the fault 1 5 mov^ tlirough the effective width WB of the reception 
coil 14, that is to say in the interval of time which essentially corresponds to the inverse of 
the fault frequency, in order to obtain the information contained in the fault signal in a 
manner which still suffices for reliable fault detection. However, no more than 50, and at 
most lOO, sampling operations will generally be necessary during such an interval of time. 
£00481 Xhe frequency of the carrier oscillation should be selected in such a manner 

that it is at least ten times the fault frequency since the fault signal will otherwise be carried 
by too few full cycles of the carrier oscillation and the ability to reproduce the fault will 
become problematical. If, on account of other boundary conditions^ the carrier jSrequency 
cannot be selected to be high enough, fault detection can be improved by synchronoxisly 
sampling onc^ in each first half- cycle and in each second half- cycle, the value from the 
second half-cycle being inverted and then being processed further lilce the value from the first 
half-cycle (on account of the inversion, this still constitutes undersampling as regards the 
carrier frequency). 

[004^1 Xhe demodulated digital two -channel output signal from the ^/I> converter 

stage 35 passes through a digital bandpass filter 52 which can be represented by the signal 
processor 40 and is used to remove interference signals which are outside the bandwidth of 
the fault signal. For this purpose, the cut-off frequency of the high-pass filter is preferably 
selected in such a manner that it is less than one quarter of the fault frequency, while the jcut- 
o±T frequency of the low^pass filter is preferably selected in such a manner that is at least 
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twice the f"a\ilt frequency in order to avoid removing signal components wliicH still contain 

intoiTETiatiorL regarding tlie faiilt. 

[0050] Xhe digital bandp^s filter 52 is clocked at tlie sampling rate of tlie A/O 

converter stage 35, i.e., tlie trigger rate, which inclxides the great advantage that, when the 
favilt jBrequency is changed, i.e., when the test specimen speed t? is changed^, the ctit-off 
frequencies of the handpass filter are automatically entrained with the fault frequency since 
the cut-off firequencies of a digital handpass filter are proportional to the clock: rate aiid the 
clock rate is automatically matched to the change in the fault frequency via the sampling rate 
which is prescrihed hy the drive unit 37. 

[005X] Xhe infoonation regarding the effective width "WB that is needed to determine 

the fault frequency C£tn he either manually input to the signal processor 40 or it is directly 
provided by the test station 11^; as is described,, for example, in EP O 734 522 Bl and 
corresponding International Patent A-pplication PCX/EP94/03S1 1 which designates the 
United States and was published as W095/1 69125, 

[OOS2] It goes without saying that the measuring system reacts analogously to a 

change in the fault frequency, said change being caused by the fact that, although the test 
specimen speed v is kept constant, the reception coil 14 is replaced with another reception 
coil having a different effective width WB, 

[0053] The useful signal obtained after filtering by the digital bandpass filter 52 is 

evalxiated in a rnannei- known per se in an evaluation unit SO in order to detect and locate 
faults 15 in the test specimen 13, both the amplitude and the phase information for the fault 
signal usually being used herel^ 

[0054] In particular, given relatively large values of i.e., if only a relatively small 

nxxmber of full cycles of the carrier oscillation are sampled at all, the transmission coil 12 
and/or the evaluation electronics, i.e., the signal processor 40, in parti ciiJar, can, for example, 
be switched off or put into the quiescent state during the sampling pauses in order to reduce 
the power consumption, which is important^, in particular, for portable measuring devices. 
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^WHat is claimed, is: 

1. A metliod. for the nondestrxictive and contact- free detection of faults, particularly 
by means of eddy currents^ in a test specimen (13) wlLicli is moved, at a speed (v), relative to 
a probe (14) that is characterized hy an effective width (WB), 

a transinitter (12) being used to apply periodic electro3ttiagnetic alternating fields to 
the test specimen and the pi'obe being used to detect a periodic electrical signal which has a 
carrier oscillation whose amplitude and/or phase is/are modulated as a result of a fault (15) in 
the test specimen if the fault reaches the effective width of the probe, 

the probe signal being filtered using a frequency-selective first filter unit (18)^ 
the signal which has been filjtered using the first filter unit being sampled by means of 
a triggerable AyE> converter stage (35) in order to obtain a demodulated digital measurement 
signal^ 

the digital measurement signal being filtered using a digital fir'equency- selective 
adjustable second filter unit (52) in order to obtain a useful signal, and 

the useful signal being evaluated in order to detect a fault in the test specimen,, 
the A7H> <x>nverter stage being triggered at an nth integer jQraction of the frequency of 
the carrier oscillation, n being selected as a ftinction of the fault frequency which is obtained 
as the quotient of the relative speed between the test specimen and the probe and the effective 
width of the probe, and the frequency-selective second filter unit being adjusted as a function 
of the fault firequency. 

2. Xhe m.ethod as claimed in claim 1, characterized in that the relative movement 
between the test specimen (13^ and the probe (14) results firom the test specimen being 
mioved linearly with respect to the probe. 

3- Xhe method as claimed in claim 1, characterized in that the relative movement 
between the test specimen and the probe results from the probe rotating with respect to the 
test specimen. 
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4. XJhie method, as claimed in one of the preceding claims, cliaracterized in that the 
transmitter is a coil C12> to which a radio jBreqnency voltage in the frequency range from 1 

'kHz to 5 h/LHz is applied in order to indnce eddy cnxrrents in the test specimen (13), the probe 
being a coil arrangement CI ■4) in- which the eddy currents induce the periodic signal. 

5^ The method as claimed in one of" the preceding claims^ characterized in that the 
transmitter (12) is stipplied with an voltage in order to generate the periodic 

electromagnetic alternating fields, the J^C voltage being generated from a binary signal by 
curve shaping. 

6- The method as claimed in claim 5, characterizied in that the trigger signal for the 
A/O converter stage (35) is generated by dividing the frequency of the binary signal that is 
used to generate the voltage for the transmitter (12) by n. 

7. Xhe method as claimed in one of the preceding claims^ characterized in that n is 
selected to be inversely proportional to the faixlt frequency in order to select the trigger rate of 
the A/r> converter stage (35) to be at least approximately proportional to the fault frequency. 

8- Xhe method as claimed in one of the preceding claims, characterized in that n is 
selected in such a manner that at least 5, preferably at least 20, sampling operations are 
carried out by the J^II> converter stage (35) in an interval of time which corresponds to the 
inverse of the fault frequency. 

9, Xhe method as claimed in one of the preceding claims, characterized in that n is 
selected in such a manner that at most lOO, preferably at most 50^ sampling operations are 
carried out by the A/O converter stage (35) in an interval of time which . corresponds to the 

inverse of the fault frequency. 

l O. Xhe method as claimed in one of the preceding claims, characterized in that the 
frequency-selective second frlter imit (52) is automatically adLjusted as a function of the fault 
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£reqtaency by the secoTwi filter umit being clocked. a.t th.e sampling rate of tbe JsJII> converter 
stage C35>. 

1 1 , The methoti as claimed in one of the preceding claims^ characterLzed in that the 
second filter unit (52) has a low-pass filter in order to remove interference components of the 
d-emodxilated digital signal at fi-eqnencies higher than the fanlt frequency, the cnt-off 
freq[viency of the low -pass filter being higher than the faiilt fi-equency^ preferably higher than 
twice? the fault frequency. 

12- The method as claimed in one of the preceding claims, characterized in that the 
second filter unit (52> has a high-pass filter in order to remove DO components of the 
demodnlated digital signal^ the cnt-off frequency of the high-pass filter being less than the 
fanlt freqoency, preferably less than a quarter of the fault fireqnency. 

13- The method as claimed in one of the preceding claims, characterised in that the 
firequency of the carrier oscillation is selected in such a manner that it is at least ten times the 
fanlt frequency. 

1 4. The method as claimed in one of the preceding claims, characterised in that, 
when it is triggered, the A/O converter stage (35) sample two values, in a manner offset by a 
fixed phase difference, in order to obtain the digital measurement signal in the form of a two- 
component signal. 

15. The method as claimed in claini 14,. characterized in that the phase difference is 
or m * 360^ + 90*^, where m is an integer. 

16. The method as claimed in claim 14 oi" 15, charactei-ized in that the two 
components of the digital measurement signal which is provided by the A/O converter stage 
(35) are filtered separately using the second filter unit (52) in order to obtain the useful signal 
in the form of a two- component signal. 
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17. Ttie xnettiod. as claimed, in claiirL 16^ diaracterized in tliat the two components are 
talcen into account wlien evalizating tlcie ixseflii signal. 

IS,, Tlie mettiod. as claimed in one olF tlie preced-ing claims^ cliaxacterized in ttiat ttie 
application of tlie electromagnetic alternating fields to the test specixnen (13) using tlie 
transmitter (12,) is, interrupted at least for part of each interval hetween two successive trigger 
signals for the A/£> converter stage (35). 

IP, The method as claimed in one of the preceding claims^ characterized in that the 
first filter xmit (IS) has at least one low-pass filter which acts as an aliasing filter as regards 
the sampling hy the A/D converter stage (35), 

20- Xhe method as claimed in one of the preceding claims, characterized in that the 
first filter imit (18) has a high-pass filter in order to remove low- frequency interference 
signals. 

21. The method as claimed in one of the preceding claims, characterized in that the 
speed (v) of the test specimen (13) is determined by ineans of measurement or is firmly 
prescrihed as a parameter. 

22. The method as claimed in one of the preceding clahns. characterized in that a 
controllable amplifier (16) is connected upstream of the JSJID converter stage (35) in order to 
change the signal to the amplitude which is optimally suited to the A/D converter stage. 

23. The method as claimed in claim 1, characterized in that the transmitter uses 
electromagnetic excitation to generate sound waves in the test specimen, and the probe 
detects soimd waves in the test specimen and converts them into the periodic electrical signal. 
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24- Xlie meth-od. as claim e<i in claim 1^ diaracterized in titiat ttie transmitter radiates 
microwaves iixto tlie test specimen^ and. tlie prot^e converts microwaves into ttie periodic 
electrical signal, 

25. Art apparatus for ttie nond-estnictive and contact- free d-etection of faults (15), 
particularly \yy rneans of eddy currents-, in a test specimen (13) whicli is moved, at a speed 
(v), relative to a profce (14) that is clraracterized. by an effective width (^VB), said, apparatus 
having 

a device (1 7) for detecting the relative speed between the test specimen and the probe^ 
a transmitter (12) for applying periodic electromagnetic alternating fields to the test 
specimen, 

the probe for detecting a periodic electrical signal which has a carrier oscillation 
whose amplitude and/or phase is/are modulated as a result of a fault in the test specimen if 
the fault reaches the effective width of the probe, 

a frequency- selective first filter unit (18) for filtering the probe signal, 

a triggerable A/D converter stage (35) for sampling the signal which has been filter^i 
using the first filter unit in order to obtain a demodulated digital measiirement signal ^ 

a drive device (37) for triggering the A./II> converter stage at an nth integer fi-action of 
the fi-equency of the carrier oscillation, n being selected as a function of the fault frequency 
which is obtained as the quotient of the relative speed between the test specimen and the 
probe and the effective width of the probe, 

a digital fi*equency-sel^3tive second filter unit (52) which can be adjusted as a 
function of the fault frequency and is intended to filter the digital measurement signal for the 
purpose of obtaining a useful signal, and 

an evaluation unit (50) for evaluating the useful signal for the purpose of detecting a 
fault in the test specimen, 

26, The apparatus as claimed in clain^ 25, characteriz^ed in that the probe (14) is in the 
form of a differential coil or an absolute coil for measuring eddy currents. 
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27. The appaj-atus as olaimed in either of claims 2.5 and 26., characterized- in that a 
hinary signal soiirce (44, 48) and. a cxxrve shaper C40> are provided in order to generate a^ 
supply voltage signal for the transmitter (1 2) from a hinary signal by means of cvirve shaping. 

28. The apparatus as claimed in claim 27^^ characterized in that the drive device 07> 
has a divider <;30) in order to generate the trigger signal for the J^T^ converter stage (35) firom 
the binary signal for the curve shaper (40) by dividing said binary signal by n, 

29. Xhe apparatus as claimed in claim 28, characterized in that the binary signal 
source is in the form of a timer (44). 

30. Xhe apparatus as claimed in one of claims 25 to 29, characterized in that the j^/D 
converter stage (35) has a resolution of at least 16 bits, 

31. Xhe apparatus as claimed in one of claims 25 to 30^ characterized in that the .AyjD 
converter stage (35) has at least one flash converter or SAR converter. 

32. Xhe apparatus as claimed in one of claims 25 to 31^ characterized in that the 
second filter unit (52) is formed by a digital signal processor (40). 

33. Xhe apparatus as claimed in one of claims 25 to 32, characterized in that the A/D 
converter stage (35) has two A/D converters (32, 34) which are connected in parallel, the two 
J^/JD converters being triggered at the same frequency in such a manner that they sample in a 
manner offset by a fixed phase difference in order to obtain the digital measurement signal in 
the form of a two- component signal. 
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Abstract 

]VIetho<i for nond^trutctive and contaet-firee detectioxL of faults in a test specimen 
wliicli is moved relative to a probe that detects a periodic electrical signal baving a caixier 
oscillation wbose amplitude and/or pbase is/are modulated by any fault in tbe test specimen. 
Xbe probe signal is filtered and sampled by a triggerable J^J^ converter stage to obtain a 
demodulated digital measurement signal "wbicb is filtered using a digital frequency-selective 
adjustable second filter unit to obtain a useful signal whicb is evaluated to detect a fault in tbe 
test specimen- Xhe A/X> converter stage is triggered at a fraction of the frequency of the 
carrier oscillation selected as a function of the fault frequency obtained as the quotient of the 
relative speed between tbe test specimen and the probe and the effective width of the probe, 
and the frequency- selective second filter unit is adjusted as a function of the fault firequency. 
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^TSTO COTsTTAOT'LESS DET HCTIOlNr OF FAT JX.XS Hs^ A 
TEgsJ^JPmOE WTgCH_ IS ^MP VEP_]REL^ TO A PROBE 



1 0 ! BajskM03!lM3id.of 1±Le^^^^ 

Field, of t.h.e Invexition 

a-£>p>a.2ra-tTas foir ttie rioin-c3.e st ^naot i^^e an<a. oont ao t - f 3ree 
cietection. of f3.Talts^ p>a.3rt ±G\iIL azrly mea.ras of eciciy 

3-5 oxaar^rents , in s. test s;peoimen. which is mo'v^ci arelati^e to 
=a paroJoo that is ctiaaraot oori zeci 3D;y^ sltx effective wicittx . 

|QQQ2] A oon^^^erxt ionai measuiirement me thoci fox' the 
20 noxxdest 3nj.ct ive and cont act ~ f zree detection of fauLlts in 
SL test sp>ecimen, in paxrt icu-Xaar a metal semi f ini shedl 
p>3roci\ict , is to induLce and measuinre edd^y^ cTJiDrirents in the 
test sp>eGimen. Xn this case, pieiriodic elec t aromagnet ic 
alternating fields anre ap>p>lied to the test sp>ecimen 

2 5 using a t nransmis si on coil which is ene^rcf i ized 

s imasoidal 1^ > The edd^" cnirarents which anre thenrehy' 
induced in the test sp>eciTTien^ in tuLirnj, induce a p>e2riodic 
electarical signal in a coil • airrarangement which is used 
as a p)3roloe and can have - ono an individual coil 

3 0 absolute coil") oar two coils which a^ire connected 

sutotaract ively ( " di f f earent ial coil") , oai d the electarical 
signal having a cax'arieir oscillation conriresiponding to 
the t transmit texr caaririear f irec^uencv" the ampslitude and/ ox* 
phase of which is/aire modulated in a cha^ract eari st ic 

3 5 mannear as a nresult of a fault in the test specimen if a 
fault areaches the sensitive aregion of the ptarohe , i,e.^ 
the effective width of the pirotse . Xn oardear to scan the 
test specimen, the test specimen is usually moved 
1 ineairlv' with nrespect to the parolee, hut a^rnrangement s 
having a ^rotating parohe aire also known. The signal 
detected foy the pirohe is usually demodulated in an 
analog manneor^ f oar encamp le^ using sv^^^^^^ronous 

demodulation, and is then evaluated in oardear to detect 
faults in the test specimen- In this case, the signal 

45 is usually digitized only fo3r the evaluation and 
3rep3resent at ion of the fault signal , that is to say 
aftex* the coil signal has been demodulated. 
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3rel3^t±velV oomp> 1 ±oat and ^>^p>eris±vo on stcooTJirxti of tho 

OTJitXay ne€5ded fojr tli^e analoc^ domodiJ.la.t i on . It: muist:: also 
toe takien ±ntzo acooiant that, for di:ffeirent jreXative 
speeds l^^tween t]ne test sp>eoimen and the pxrolz>e, tlnat ±s 
to sav the oaso of dif feirent oiatj^iat irates and test 

SE>eecls, d±f fearent sets of filters aore usiaally r" e c^ui i ir e dl 
foir the demodolated signal^ thias entailing additional 
OTJitlay in the oase of a ^raariat>le test si:>eoimen sp>eed. 



[Of j j 1 } ■ ?^ ■ P F>t£^Tit 5,17 5,4 98 desojriloes an eddv omirjcent 
meas lax^ement method i_n which e^v^en the mea sui jrenaen t signal 
whioh has joeen j>ic}ced ij.p> lo^/ the coil pfirok)e is digiti2;ed 
\:ising a t r iggex:a3z>le con"ve3rte3r and is then 

■^■gs^:v^^^-^..^-^--iqi-4=^ \ t ei-erl in digital fozrm osing Foiairiejr 

transformation- Triggering of the ^/O converter, i.e.^ 
the sampling rate, is controlled as a fianction of the 
forward feed speed {detected utsing an encoder) of the 

test sp>eGimen in order to a^void -f ^ lal t gs^^^rjCOSS (which 
resialt from the test specimen toeing moved toackiward) 
when evaliaating the signal - 



W^][OOft^j TTR. yaf^t 4,445, 088 descritoes a stray magnetic 
f liix measurement method in which a metal test specimen 
is moved relative to a protoe , the measurement signal 
detected toy the protoe toeing digitized using a 
triggeratole ^/D converter after said signal has passed 
through a toandpass filter, and triggering of the 
converter, i-e*^ the sampling rate, toeing controlled toy 
the forward feed speed {detected using a speed sG^rtsor) 
of the test specimen. In order to detect faults, the 
amplitude of the digitiz:ed signal is evaluated in order 
to determine whether it has eiscceeded a threshold value, 
the selection of the sampling rate as a function of the 
testing speed toeing used to achieve a prescritoed 
measurement accuracy that is independent of the test 
specimen speed. 



f OOOliJ T t is an oto j ect of the present invention to 

provide a particularly simple method for the 

nondestructive and contact— free detection of faults in 
a moving test specimen, in which method a protoe is used 
to detect a periodic electrical signal whose amplitude 
and/or phase is/are modulated as a result of faults in 
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t]r^e test sp»oc±men- Tti^ ±nteri.t±on. is slso to p>jc:o\;"icie 
apspa. 2r3.t \as wlrL±c:h. ±s siaita.t>le fox: oairiryiiig ou.t siaoti 3. 
inet]:i.oci . 

S |^f>Ot>T| A<r;r-;c-> T-r] in g to tti^ invent ±on , this object is 
solnieveci fc>v tVie: A/T> c^nvertCT Ktage Being tHggered at an r^tTi irtteg^er 

fr^pti on o f ^fc — me != te ^=tt^^^ — sns — o 1 ± — 3=m — ^iraHbsfx — i — — Isry — m-e exn 

frf^r|ng>nc;y o±^ ^t5r± ^np$> a .IT t \a ■s ^.^^tjie .^.j ^T r i Q S <? i 1 j g ti OTl , B b T H ^ s ej s^ ? tec l as 

■c: i-^im @c i ir2=i 0 1 i m — ^^-fi^ a Rino.tion of tl^e^ fkiilt iV^j^iieirtcy w>n'oTi is oKfaineifi 

1 0 as tiie_q .iiojLt^ nt ot tbe relative: speedL l>etT^j>v:^mx J:l3i£:_-te ,ajL...s ^e^ prol iL^jaLtid. 

the^ e^ffenffvfc^ wili^H of fllTC pT-ohaO- anri tli£^ fT-erpienc^y~<^f^1g!r;j^tvf^ s;^,?<;^Onrl filter ^^^1^ 

-[-itO-i^B J^On e f lanclame^nt s 1 3.sp>eot of tine pjresent invention: is 
15 tha^t tine pirofoe sigxia.! is ssmpled, i.e,^ ciigit i z;eci 3^t a.n 
inte^gejc f or^otion of the f jrecjiaenoy of tine oaLrorriezr 

osoillstioo, i , e - a. tine carnriejr osoiHa.tion is 

uiincieirs^mpieci . 

20 XftiiflSl-Tlni s eiimiina.t es the c ^ tt x i e ir osoiiiatiori from the 
measxajrement signal^ as a jresuit of which the otherwise 
cutstomaary^ demociiJilat ion of the measmarement signal is 
dlispenseci with and it is thus possible to cons i dear ably 
simplify the method and to cons ide3rat>ly rediace the 

25 outlay fo3r demodulation, for escample-, analog synchironoijis 
demodulation, which is otherwise recjuiired, thus 

x^esulting in considerable cost savings and, if 
appropriate, also in savings in installation space, 

30 4iMiXftX=Unde r sampl ing also makes it possible to use i\/D 

converters which have a very high resolution and are 

usually relatively slow, i-e.^ their ma^cimum sampling 
rate is relatively restricted- 

35 |Ofl||| Tn addition, under sampling results in the useful 
signal beirig obtained at a relatively slow data rate, 
thus in turn^ facilitating representation of the useful 
signal, with the result that standard bus systems and 
possibly radio bus systems can be used, for example, 

40 which would not be possible at high data rates or would 
be possible only after data compression- 
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[OOl^j tJmcig^ T-gg ^mp> 1 i 3^1so allows tlae me a. 3 u.x:exaent xn.e"tln.oci 

to fc>e c^jrrleci oiit wltli a. rels^tlvelY low p>owejr 
oons umpfc ± on , in whicli. oase t3no t jransmi 1 1 e r ooold li>e 
swltcheci off, e^en ciujring int^jrvsls of time in wtiiolt no 
5 samplintg^ is iDsing feoted^ if sampling is ef footed, 

fo2r e:K:a.m£> le jr only dtixring- evejry tenth p^earioci of tlie 
cajTjri^ar osoillation ojt oven xiioare ir^acely. Tlnis 3Sp>eot is 
p>a.3rt ± oulair ly impoortant for poirrtaLble de^ioes dniring 
tsatteiry opeoration ozr if a ostloleless {i.e.^ wiorelessly 
10 oonneoted to the eAraliaa t ion lanit ) p^jroloe is to loe lased . 



t^J w-\ 1 1 Y ^ reduLood (in oomp>a.3ri son witJn <5\i3.si — 

oont inuLOTJis sa.mp>ling) siasoep>t itoili t y to nonpeiriodic: 
int ejrf ezrenoe signals m3.y iresult diiiring \j.nciejr samp ling 

15 since suoh. intearf e r ence si<g^nals a^re not pearceived at 
all in the nsefol signal provided that they do not 
oocur in the jcespeotive sampling period, whereas all of 
the interference signals are reflected in the uisefnl 
signal in the oase of c^iaa s i — oont inuoTJis sampling, 

20 

|OOI4.| Tt-1 aooordanoe with another fiandamental aspeot of 
the in vent ion ^ the sampling rate, i . e ^ ^ the degree of 
TJinder sampling , is selected as a fianotion of the so- 
called fault f recgxjiency , that is to say the giaotient of 
25 the relative speed toet ween the test specimen and the 
prohe and the effective width of the proloe - 



Xttfli^l=Since the dnration of the uLsefnl signal caused fc>y 
a faialt, and thias,^ the fault frecgnency, essentially 

30 depend only on the e^ctent of the sensitive region of 
the prot>e, i - e • the effective width, and on the 
relative speed fc>etween the test specimen and the prot>e, 
it can ]oe ensured in this manner, on the one hand, that 
the accuracy with which the useful signal is 

35 represented does not depend on the speed of the test 
specimen {it can foe ensured, t>y appropriately selecting 
the sampling rate, that approximately the same numtoer 
of sampling points always oczczr^ir in each fault signal) 
and it can t:>e ensured, on the other hand, that the 

4-0 fault signal of a particular fault essentia-lly looks 
the same irrespective of the speed of the test 
specimen, thus greatly simplifying detection of the 
fault , 
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[001f>j| A r-j o t". >i -r sciv3.nt.ag^ of lincie s amp 1 ing tlT.at: is ma t clr^Leci 
to the 3p)eeci iresicies ±n tine fa.ot ttast, ±r~L this m^nmer, 
"th-^ ciii^itail f±lte2r unilz wjnichi ±s las^d to fiXte^ the 
ci±g3_tsl m^s suorement s±gnsl p^irovicieci fc>y the I\/I> 
5 oon\7^^2r t e 2? stage ±n. onrdoor to olDta±n am ±nt eirf eireno^ — f ireo 
lasetu-l sigria.1 03^n foe adjusted in a veiry simpjle ra^nn&r 
a f uiTct ion of the fa.i_3lt f irocjixenov ^ namelv t>y 
cloolcing the digital filtez: at the samjpling rate (in 
the oase of a digital f iltear, the cTJtt — of f f jrecjuency^ 

10 depends diarectly on the clock: rate) - This maJces it 
E:>ossi]ole to lase one single set of filtejrs whose ciat — of f 
f jre<3ij.encies aire aiatomat icall v matched to the k>andwidth 
(which is dependent on the test specimen speed) of the 
fault signal fc>y appzropjciat el;y selecting the sampling 

i5 jrate^ i.e-^ the clock: irate- 

([OQlfTj The so — called fault f jtrecjuiency usiaally coxrresponds 
to the mascimum of the fault spectirum^ i_e»^ the 
firequency with the highest intensit^^. The fault 

20 tjandwidth is the f 2re<3uencv jrange aground the fault 
farequency in which information that is still decisive 
fox: detecting faults or repires ent ing faults can foe 
found- The effectx'v^e width of the profoe depends^ on the 
one hand^ on the geometric configuration of the profoe 

2S fout also on the fooundary conditions for use of the 

profoe , for e:H:ample^ the distance foetween the profoe and 
the test specimen (filling factor) , the frequency of 
the carrier oscillation, the material of the test 
specimen etc- Physically, the effective width 

30 corresponds to the length which corresponds to the 
reciprocal of the fault frequency and is obtained from 
the test specimen speed divided foy twice the fault 
frequency. The effective width thus specifies the 
length over which a particular (fault) location in the 

35 test specimen can influence the measurement signal 
piclced up foy the profoe . 

[f>01il| The invention preferafoly uses the measurement of 
eddy currents in the test specimen, that is to say the 

40 transmitter is a coil to which a r adiof r eguency AC 
voltage, preferafoly in the frequency range from 1 kiHz 
to 5 MHz, is applied in order to induce eddy currents 
in the test specimen, the profoe foeing a coil 
arrangement in which the eddy currents induce the 

-45 periodic signal- In this casejr the profoe is preferafoly 
in the form of a differential coil - 
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j liO-lS^j -AIL tz 3rii at 1 y r l:iowe\ro3r, the; ±n.^«ent±oxi may sXso loe 

fcfa.socl on 3. so — o^Xled EM^T ( E leot x-omagneln ± o ^coiast±o 
T r-ainsciiaoe 3r ) methoci, the t ra^nsmi t jt xisirug 

S el -ect jTomaomet ± c 0:25. citation to ^genora^te soond wsves in 
tln^ test specimen^ snd tho p>Jtro]De cdeteotin^ soianci waves 
in the test specimen a.nci oonvex^ting them into the 
pejriociiG eleotirica.! signal - 



iO |00:2ft] Tt-i ^.nother va^irisnt, the invention la^y utse 

micirowave me3.sTairement , the t jransmi 1 1 eir eradiating 

mi cjrowa^^^^e s into the test speoimen^r and the pjrolDe 
oon^v^ejTt ing microwa-ves into the periodic electrical 
s ignal - 

15 

j^002l] "The relative movement toetween the test specimen 
and the proJoe preferably results from the test specimen 
iDeing moved linearly with respect to the prot>e - Xn 
principle, however, the relative movement iDetween the 
20 test specimen and the proloe may also result from the 
prot>e rotating with respect to the test specimen. 

Xl ^tl22j^ T]ne AC voltage for the transmitter may foe 
generated from a loinary signal t>y means of curve 

25 shaping, the trigger signal for the J^/D converter stage 
preferaloly loeing generated iDy the frequency of the 
33inary signal that is used to generate the transmitter 
i\C voltage l:>eing divided fc>y an integer. The integer t>y 
which the f reguency of the carrier oscillation is 

30 divided in order to trigger the 7\/0 converter stage is 
preferaloly selected to toe inversely proportional to the 
fault f recjuency so that the sampling rate selected may 
toe selected to loe at least approximately proportional 
to the fault freguency. This integer is preferatoly 

35 selected in such a manner that at least 5, preferat>ly 
at least 20, iDut at most lOO, preferably at most 50, 
sampling operations are effected i3y the ^V/D converter 
stage in a fault interval, i,e-^ an interval of time 
which corresponds to the inverse of the fault 

40 f reguency , 



{f^il^^J As already mentioned, the frequency— select ive 
s^<z:c>n<:3L filter unit may t>e automatically adjusted as a 
function of the fault frequency by the second filter 
45 unit toeing clocked at the sampling rate for each A/O 
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oon^^irtoir sta.g^ since jr in tti.^ oaise of a ciigital filtei:, 
tlie omt— of f f irecjiaoric: is cSiireotiy ;prop)03rt.ionai to the 
olook: f arecjiionoy * Tho seconci filteir i^nit e:x.p>e!ciient J_\/ 3::s.3.s 
SL iow— jD^ss f iltexr in oarciojr to uromove components oiatsicie 
S thie fsuLlt k>3^nclwicitlrt and 3l Inigln— f>5LSS filteir in osrdletar to 
jremove DC c:omp>ononLt s of tliie ciigital signs^l . Ttio ciat — of f 
f aretcju-ency of tine low— ptass filter is e:K:p>eciient ly hig^iheir 
than the f 3.-uilt f re<5\xency, pref ei:3.t)l;y^ higher thsn twice 
the fault f jreqnenoy, while the cut-off freqiaenoy of the 

iO high— paiss filter is less than the faij.lt f recg^uiency , 
p>ref erat>lv less than a ^quarter of the fault f recjuiency * 
Since the p)referredL cut — of f frecjuencies of the seconci 
filter unit clep>enci directly on the fault f re<3^uenoY^ it 
is p>ossifc>lej^ 3Dy virtue of the samp>ling rate of the 

15 signal likewise tseing selected as a function of the 
fault f rec^uenoy and the second filter unit iz>eing 
clockied at this sampling rate^ to automatically 
optimally match the cut— of f frequencies of the filter 

unit to the fault frequency, i . e . a. the test specimen 
2IO speed and the effective width of the prot>e , in a 
particularly simple manner. In principle, the cut— off 
frequencies may t>e closer to the fault frequency than 
in conventional methods since, as a result of the 
filters t>eing accurately tracked with respect to the 

25 fault froquencyjr i . e . the test specimen speed, in 
particular, the risk of the filters cutting off fault 
information is reduced- 

Xilil:2 ^j_T h e frequency of the carrier oscillation is 
30 preferat>ly selected in such a manner that it is at 
least ten times, better still at least twenty times, 
the fault frequency since the al^iXity to reproduce a 
fault (i.e.-, the ability to reproduce a fault signal 
that is typical of a particular fault) may otherwise fc>e 
35 impaired, which would make it more difficult to detect 
faults , 

I^OO^^I Although solutions are also possible, in 

principle, in which only one individual value is 

40 detected for each full cyole sampled, in which case it 
would then t>e necessary to determine the phase angle 
indirectly, two values with a f i^ced phase offset are 
preferably obtained for each full cycle sampled, this 
preferably being carried out using two converters, 

45 i.e.^ the converter stage has two A/D converters which 
are connected in parallel and are triggered at the same 
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f r eqiaeno^/ i.n sTJioh a. way tinat "they ssmp>le ±n a msoneir 
offset t>y a. f±>coci p>ha3e cil.f f ^ronoe ^ tlie p>t:LSse 

of 360*^ plus 90*^ (tiowe^eir, the phase ci± f f exence^ need 

loetweon 85 a.i-tci 95*^, for ojca^mple) , Sooti phase — of f set 
sampling can toe laseci to ensure that, despite the 
u.n de IT sam.pl xn<3^ , the ma:K:imTjLm amoijint of si^gnal infomaation 
is olDtained^ and the digital measurement signal is 

10 oiDtained in the form of a two — component signal, i,e.^ 
with phase and amplitude information, thus improving 
the detection of faults. Xn this case, it is expedient 
for the two components of the digitai measurement 
signaX provided fc>y the J^/O converter stage ecjuipped 

15 with two A/D converters to fc>e fiXtered separateXy using 
the second fiXter unit in order to o33tain the usefuX 
signaX in the form of a two — component signaX, the two 
components then toeing atoXe to toe taJcen into account 
when evaXuating the usefuX signaX. 

j[OO^^j T T-\ order to carry out such phase — of f set sampXihg, 
it is not necessariXy required to use preciseXy two 7\/D 
converters. Instead of this, it would aXso be possitoXe 

to use onXy o-rtss-^^a singXe A/D converter which is 
25 sufficiently fast and carries out the two sampling 
operations, i.e.^ that at and that at 90°, these two 

sample values then toeing processed further separately, 
as when using two A./D converters, in order to achieve 
two —component signal evaluation. It would toe possitole 
30 to use very slow A/D converters if ^ for example, use is 
made of 4, 8 or 16^ etc. A/D converters which do not 
toecome active upon each trigger pulse that is applied 
to the J^/D converter stage tout rather only toecome 
active upon every 2nd, 4th or 8th etc. trigger pulse, 
35 i.e.^ the sampling work: for each of the two phase angles 
is respectively appropriately divided, in terms of 
time, toetween a plurality of A/D converters - 

XflfiS3=The A/D converter stage preferatoly has a 
40 resolution of at least 16 toits, use preferatoly toeing 
made of flash converters or Si\R converters . 

PMI2.S]_T h e application, i.e,^ the radiation, of the 
electromagnetic alternating fields to the test specimen 
^5 using the transmitter may, in principle, toe interrupted 
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3"t les-st for po.xrt of ea^oln ii~Lte.3rv3.1 iDetwesn two 
siJicooss±ve tziTxcjcjer signals for the 7^/13 oonvojrtezr stsge 

sj-TUCe sigi^^ls sutg riot cietecteci^ ±_o,^ ssmpXed^ sltiy'^^'Y in 
tl^is t±me ( ciepenciin<g on thie sp>ec±f±o situation^ tl^ese 
5 sampl±n<g p»aui30S mav^ lancieir oejrta.in c± 2ro\ams t ano^ s ^ 
^^tend ov^x" Si ILajcge mamt>e2r of p>eiriocis of ttie c^xirierjr 
osoiHation) . T1t.±s makios ±t poss±t>le, part icuilar ±n 
the oase of portable; me;asi_ir ing ciov±oes, to corisiciojtralDl;y 
save on powezr consumption, tttuis mak:in<g it possit>le, for 

1 0 e:xampie, to cons icier aJDly redxxoe the dimensions arid 
weight of the power siapplv elements , In a similarr 
manner, on the si<gnal detection side^ the electronics, 
i-e.^ the signal processing processor, in particular, 
mav^ also toe shut down in the interval toetween two 

15 sampling operations in order to save power* 

[00!29J T'he first filter unit preferak>l;^ has a low— pass 
filter which acts as an aliasing filter as regards the 
sampling iDy the 7\/D converter stage, a high— pass filter 

2lO also pref eraJi>lv heing provided in order to remove low- 
freguency interference signals. The first filter unit 
is i^suaXly in the form of an analog filter » ^ 
control laJole amplifier is preferahly also provided 
downstream of the first filter unit in order to change 

2.5 the filter signal to the amplitude that is optimally- 
suited to the A/D converter stage- 

LQiiSSiJ-The speed of the test specimen is pref eratoly 
determined toy means of measurement, for e^cample^ using 
30 an encoder _ If it is not absolutely necessary to 
measure the testing speed toecause, for e:5cample, it is 
Icnown anyway with sufficient accuracy at any 

measurement time, the speed may also toe firmly 
prescribed as a parameter , 

3S 

|l"lfi-^1j A digital signal processor which preferably also 
forms the second filter unit is preferably used to 
control the I^/JD converter stage, i.e,^ the selection of 
the trigger times, and to process the digital signal 

40 provided by the A/D converter stage. The drive device 
for triggering the converter stage preferrably has a 

source (which may be formed by a timer) for a binary 
signal and a divider which is used to divide the binary 
signal by an integer in order to generate the tarigger 

45 signal for the A/D converter stage, the binary signal 
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Jooing px^ooessed loy^ a. ouurve slT.a;pe2r in oircisn:: to pjrovido 
"tliLe si_ip>p>ly voltage fojr th^ t jransmitt ^ jr , Ttie txmejr ms-^y:" 
fc)e ps-jri::! of the ci±g±Lcal s±<gnal pjroc^ssojr ojt ma-y- Ids 
sepa^ir^te tlneire f JToriL . Tine ciiv±cie:3r ±s piref s jrs.foly sepsxra^to 
5 from tine sigmatl prooessoir ^rid is in tlie f oirm of a. P^L 
< ProgirammslDle Array Logio) mocJ\ile- 

[003^1 T'H^ in^ontioo will t>e 05cpla.ir^ecir toy way of 
e:xamplef, ±rx moire destail Ji>elow witti reference to the 
10 aocompanying drawings-? — w h ie^^^^t-^ 



'X>escH pti on o f t1xe_O fa,wT n 
|_JElig^ 1 s cinema tic ally stiows ^^^^ — ng^ e 3 ± on^ 



1S ^^T^^ ^^r - i r>^-j^»-^!^^ e^sci^mple of an emloodiment of an eddy ciarrent 
measmring apparatus according to the present invention; 
and 

-Ft g -"' I.C IO^'^} Fii ^ r. 2 sclnemat ically shows ^^fi ga^-^-^^Tinp 1 ^ ^- ry ^ op*^ 

20 eixfii^ple of the? profile of ^rhe-^^ proloe signal during digital 
sampling _ 

Xttft3SJ=E^ig - 1 shows one e^^ainple of the design of an eddy 
25 current measuring apparatus according to the invention. 

In this case, a test specimen 13^ which is in the form 
of an industrial semifinished product ^ for ei^ample^ a 
slak?^ SLFi?=i is moved linearly past a test station 11 at a 
variatsle speed v is tested^ the speed t>eing detected t>y 
30 means of a speed sensor 17 which, for example, can emit 
a signal that is essentially proportional to the speed 

In this case, -3-s-ir^i_tlis signal may fc*e, for e:K:ample^ a 
sguare— wave signal which, for e:H:ample^ contains one 
pulse for every 5 mm of forward feed of the test 
35 specimen 13. 

XttHS^LThe test station 11 has a transmitter in the form 
of a transmission coil 12 and a prohe in the form of a 
reception coil 14 - The transmission coil 12 is used to 
-40 induce eddy currents in the test specimen 13 t>y means 
of an electromagnetic alternating field at at least one 
prescribed carrier f reg;uency^ -jr .j t,T !^ rj ^ ^ , th^ eddy currents^ in 
turn^ T ndi3f-:-i r^g~p ~ AO voltage in the reception coil 14-7 srn- 
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"^olfe e s-g ^ which sots a p>jro3oo signal a.nci hats a: 

caMTariex: osc;lHa.t±on a.t: the oairirlei? f jrec^uenov of the 

t jr3.nsmi s s ion ooil 12-? «rr±-sl , , Tlii& amp* 11 t"U.cie and the 

E?ha,se of the p>jrok)e signal te^-M^i-^.j^ mo du. 1 a t e ci s jresult 

5 of a. fault 15 if the fa^ult 15 2rea.ches the effeotive 
width WB of the x^eoeption coil 14. The x^eoep>tion coil 
14 is jD Jtref eirsloly in the fojcm of a. di f f e rent i a.1 coil, 
that is to ssy^ in the foirm of ai coil which hais two 
windings (which S-ire woiand in opposite dijrections) and 

iO reacts only to changes in the electrical properties of 
the test specimen on account of the presence of a f aialt 
15, Differential coils are siaited^ in particular, to 
detectin<3 sudden changes in the test specimen 13- 
"fe^fs^t^^trd^ — o-^:^4;-j=qt-ir^-jF— I- Towev^e^r- iti^^teRti^ an ah solute coil 

15 could also he used as the reception coil 14, -s-i^ar-i^dL-Hx^Q 
absolute coil comprising^ a plurality of windings which 
are wound in the same direction and heing suited, in 
particular, to detecting long homogeneous changes in 
the test specimen 13 , 

j[OCi:^T| TT^t^; -SyToltage for the transmission coil 12 may he 
generated, for e^cample, hy a hinary signal which is 
generated hy a timer unit 4 4 heing supplied as a 
predefined f req[uency to a generator 48 which uses s aid 

25 tiaal frequency to generate a sguare— wave signaX or else a 
sinusoidal signal which passes through a curve shaper 
4 0 and is then amplified hy means of a power amplifier 
42 hef ore it is supplied to the transmission coil 12 . 
The signal pref erahly has a sinusoidal waveform^ and-y- in 

30 the simplest case, contains only -o-i^-e^ja single carrier 

frecjuency-? l=vHf-i=^. f-f o^^^r'^^^^j measurements involving a 

plur'ality of carrier frequencies at the same time 
^ndi/ojr carrrier signals which differ cons ideratsly from 
sinusoidal oscillations are also possifc>lejr in 

35 principle- The carrier frecjuency is typically in the 
range from 1 3cHz to 5 MHs; * 

4i> O 3 H j_T h e prok^e signal picJ^ed up hy the reception coil 
14 passes through a handpass filter 18 and an 

■4-0 adjustahle preamplifier 16 hefore it is supplied to an 
J\/0 converter stage 35. The handpass filter 18 is used, 
on the one hand, hy means of the low— pass filter, as an 

( aint-i ^ 1 -w=»^^^~4-"r=t-g^ F^nti-Ali asiTnig filter as regards the 

digitisation of the signal hy the A/D converter stage 

-45 35^ and is used, on the other hand, t>y means of the 
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ln±gh— pass f iltejr, to remo"tro low— f jrecg^iaenc^ ±ntze r f o ir^noo 
signals. Tlno £a.ci j las t a.t> le p>2reamp' 11 f ier 16 is laseci to 
chsrig^ tiio 3.mp li t "Licie of tine . sn^-lo^g pxroJoe signal to tine 
3.mpl i toci<e wlnioJn is optim3.11;y siaited to the A/D 
5 oonv^ 2r t e jt stag^^ 3 5 . 

[0 03*>j Tl-i^ -A./D oon^ejrtejT stage 35 Jrx3.s two A/D convojc te 3c s 
32. -srs^i^i^ 34 wlnicin ajce corLneoted in p3.3rsLHel 3.nci shoialci 
lna.ve 3- Kigh xresoliation, tout ait le^st s. Ji^esoliit ion of 16 
10 Jolts, px-ef eoraloly 3.t least 2.2. loits, and should 

p jcef e 2rafc>l V t>^ at>le to oairirY oiat at least 500 2\/ D 
coovejTS 1 oitls pex seoond. Tine J^/D conve x-t eirs 32, 34 aire 
piref eratoly in the fojrm of flash oonveirteirs oir Si\.R 
( Siioces siT^re i\pp2ro:x.imat ion Register) convearteirs . 

15 

^liQ^L0J_*rhe Fl/ID Gon^veartexr stage 35 is tzriggered Toy^ a dr-ive 
device 37 which has the timejr onit 44 ( alar egad^/ 
rai ent i on^s d ) > ^ the oosine genejcatoir 48, a sine genearatoi? 
4 6 which is airjranged pairallel to the "i ; g}T"i^ <=n^- «ine ge;r>f^rator 

20 and a fjcegiJienc^ di-v^ideor 30- The signal which is 
gene^rated toy the cosine geneirator 4 8 ^ ^nc^ f^whicH is at the 
f jreguency of the cairirieir f reguency of the supply signal 
for the transmission coil 12^ and the signal from the 
sine generator 4 6 (which ^s-l-^^^ft^rl corresponds to the 

25 signal from the cosine generator 48 toiat has toeen phase- 
shifted through 90*^ with respect to the -l-Q t. t e ^ signal 
foijxii t.he_jcx>sine geiieratf^r 48 \ are present at the input of the 
frequency divider 30- In the frequency divider 30, the 
frequency of these two signals is divided toy an integer 

30 n . 

[004 1 j The corresponding output signal whose fre<guency 
has toeen reduced is used to trigger the ZV/D converter 
32 or the ^/D converter 34 . The numtoer n for the 
divider 30 is selected toy a digital signal processor 40 

35 as a' function of the fault frequency, i*e.^ the quotient 
of the instantaneous test specimen speed and the 

effective width WB of the reception coil 14. "Flie of" n 

is preferatoly selected to toe inversely proportional to 
the fault frequency so that the trigger rate of the i\/D 

40 converter stage 35 is at least approximately 

proportional to the fault frequency. In this manner, if 
the effective width WB is assumed to toe constant to a 
first appr ojcimat ion and if the test specimen speed v is 
higher* and thus,^ the fault frequency is higher, the 
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snailog p>2ro]oe s±gr^a.l ±s oo jt ire sp>onci±ngl ^ sa.m£>le<d more 



f ft04^2| TVi €=t ci±viciojc 30 is p>z:ef err^t^Xy ±n tine form of 3. so — 
5 caLllocl PAXj ( P3rog3:raL3Tima.]olo J^irirsiy X»og±c:) moduiX^ in. orciei: 
to onsiAire ttiat tlio tjcigger signals s^xrjriAze st tine 2\/I> 
conv^exrter stages 35 in s ma.nno3r sxioln thst tlney ti^ve fc>een 

ciola.v^*^ little as p>ossit5lo (i-e.^ S2i^noti2rono\as Xy ) witti 

3resE>ect to the oiatpnit signal from the oosine generator 

10 -4 8 an<d from tlie sine generator 4 6 and have no piiase 
j itter . 



Xittfl^^JUCJn acoount of the oor r esp>onciing phase shift 
between the two inpuit signals for the di'V'icier 30, the 

1S two converters 32, 34 are also triggered with a 

fixed phase offset of 90°, This makes it possifc>le for 
the analog profoe signaX to iDe evaluiated in two 
components, i.e.^ t>oth in terms of amplitu.de and phase. 
It goes withouLt saying that the phase delay t>etween the 

20 trigger signal for the i\/D converter stage 3S and the 
signal from the transmission coil 12 shoijild toe as short 
as possible, in which case so— called phase jitter, in 

particular, shoxild also toe avoided, i.e.., the phase 
relationships shoiaXd toe as preciseXy constant as 
25 possitoXe in terms of time. 

mi4 4J_ The drive device 37 shown is lased to ensure that 
the analog protoe signal is sampled at most once per 
fiall cycle of the carrier oscillation toy each A/D 

30 converter 3 2 a :r:^ :c l^ 34 (in this case, n is egiaal to 1) - 
However, depending on the ins t ant aneoias fault 

frequency, that is to say the test specimen speed v, 
may toecome consideratoly larger than 1, with the result 
that only one sampling operation is carried out at all 

35 during every nth full cycle of the carrier oscillation, 

JL£|Q^LSX=F'ig - 2 shows an ejxample in which n is egual to 2, 
i.e.^ each A/D converter 32, 34 carries out one 
respective sampling operation /^n Bn only during 

4-0 every second full cycle - 



|,01M^ ] Since, however, in all cases, sampling is carried 
out at most once per full cycle for each A/D converter 
32, 34, this under s ampl ing results in the freguency of 
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toeing o IL ixnixia-t esci from the ci±g±ta,l signal, i.e*^ 
iancieirs3.mp ling is uiseci to demociuils te ttio atnalog j:>jrolDe 
s igna 1 * 

5 

j[||,04l7} nr|>^ vfi'liie of^ri is p^iref eira.t>l V selooted in suloItl sl manno it 
tJnat at. least 5, puref e jratoly at least 20, samp^lin<g^ 
op>e2rations aire oair3rieci out fc>y eaoh i^/D convejrtezr 32 amd^ 
34 in. tJne inteirv^al of time in whtioh a signifioant faixlt 

10 , sig^nal is obsejcved^ that is to say in the intejT'V'al of 
time in which a point of the fanlt IS moves thjroogh the 
effective width WB of the zreoeption coil 14, that is to 
say in the inteorval of time which essentially 
coarresponds to the im7-er"se of the faxilt f recjiaency , in 

i5 otdejT to obtain the infoirmation contained in the faialt 
signal in a manner which still si-tf f ices for jreliaiule 
faialt detection- However, no more than 50 , and at most 
lOO, sampling operations will generally t>e necessary 
doring such an interval of time. 

[QO^g^J Th f=j frequency of the carrier oscillation should k>e 
selected in such a manner that it is at least ten times 
the fault frecjuency since the fault signal will 
otherwise t>e carried 33y too few full cycles of the 

25 carrier oscillation and the at>ility to reproduce the 
fault will k>ecome prololematical - If, on account of 
other boundary conditions, the carrier frecjuency cannot 
toe selected to toe high enough, fault detection can toe 
improved toy synchronously sampling once in each first 

30 half— cycle and in each second half — cycle, the value 
from the second half —cycle toeing inverted and then 
toeing processed further like the value from the first 
half— cycle (on account of the inversion, this still 
constitutes under sampling as regards the carrier 

35 f reguency) . 

4£|0^^|_The demodulated digital two — channel output signal 
from the converter stage 35 passes through a 

digital toandpass filter 52 which can toe represented toy 

40 the signal processor 40 and is used to remove 
interference signals which are outside the toandwidth of 
the fault signal. For this purpose, the cut— off 
freguency of the high— pass filter is preferatoly 
selected in such a manner that it is less than one 

45 guarter of the fault f reguency, while the cut— off 
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f rec^U-Ono V tiie J_ow — p^ass f ±Xt^z: d_s pJire f e ir^iD 1 y selcioted 

±n smoti 3. manneir that ±s a.t le^st twice tlie f auilt 
firec^taenc: V oarcieir to svoid iremo^irLg sig^nal components 

wlnxcln st±H contain infojirmaiti on jrega^rciing ttie f atialt - 

5 

^OO^f^j T^Vi^ digital bancipass f ilteor 52. is cloclcoci at tli.e 
sampling jtrate of ttie convejrtenr stage 3S, i.e,^ tlie 

t2rxg<ge3r irate, wlnicl-i inclizcies ttie gjceat ad^j^antage tlmat , 

when the fault fjregutency is changed, i.e.^ when the test 
10 specimen speed \^ is changed, the cut-off f jrecjuencie s of 
the t>andpass f iltenr are automatically entjrained with 
the fault f reguency since the cut — of f f ireguencies of a 
digital loandpass f iltex: aore poropoortional to the cloclc 
jrate and the clock: jrate is automatically matched to the 
1S change in the fault f3rec[uency via the sampling jrate 
which is prescjrihed t>y the drive unit 37 - 



[OQglj T'he infoirmation regarding the effective width 
that is needed to determine the fault freguency can he 
20 either manually input to the signal processor 4 O or it 
is directly provided fcjy the test station 11, as is 
descrihed, for e:H:amplejr in O 7 34 52 2 B l— ^tid 

tVig>, T Tnitetl States ftna wgi« pTi1->1 i s;>i ^ WOQ-S/ 1 <SQ1 9.fy. 

25 

lil P^'Zj^ I t goes without saying that the measuring system 
reacts analogously to a change in the fault frequency, 
said change heing caused h>y the fact that ^ although the 
test specimen speed v is kept constant, the reception 
30 coil 14 is replaced with another reception coil having 
a different effective width WB . 



4ifeii5i3J=The useful signal obtained after filtering k>y the 
digital toandpass filter 52 is evaluated in a manner 
35 known per se in an evaluation unit 50 in order to 
detect and locate faults 15 in the test specimen 13, 
hoth the amplitude and the phase information for the 
fault signal usually tseing used here . 



AO Tt-i particular, given relatively large values of 

i.e.^ if only a relatively small nuitiher of full cycles 
of the carrier oscillation are sampled at all, the 
transmission coil 12 and/or the evaluation electronics, 
i.e.^ the signal processor 40, in particular, can, for 
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^>s:a.mp>Xe ;r t><e s witoh^d off oar put into tti.^ cjuie^so'snt 
st3.te ciui3r±ng t]::L€^ sa.mp>l xng pauses J-Ti oarcier to jredooe the 
p^owex" ooosuimpt ion. , wYiioh is impoz: t a.n.t in. pajrt i oul a. ir , 
fojT pojrtafc>le me^siairing cievices. 
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1 ^ A. methLOd for tlrte norxde st xruict ± . sncJ contsot — 
5 fzree deteot ion of faialts, pa.2r1::io\al3.jrXy lov m^ains of odciy 
cuLJcarents , ±n. 3. test sp>oo±moTi (13) wtixoln is moved, ait at 
speed (v) jr irolative to a p3?ot>e (14) t]n3^t is 
otiairact eari zed t>y a.n effective width. (WB) r 



"lO s t iransmit t ejc (12) iDeing lased to ^pply peariodic 

eleot aroma gnetio 3.1tejmsting f ieids to tine test 
speoixnen eind ti^e pjrotoe feeing \ased to deteot a. 
p>ejcriodio ei ect rioal signaX whicti has a cajrriejr 
osoiliation whose amplit\a.de and/or phase is/ajtre 

15 modulated as a jresult of a fault (IS) in the test 

speoimen if the fault reaches the effective width 
of the profee, 

the pirotoe signal Joeing filtered using a f jrec^uency — 
20 selective first filter uinit (18) , 



the signal which has h^een filtered using the first 
filter unit fcseing sampled y^y means of a 
triggerafc>le A/D converter stage (35) in order to 
25 ot>tain a demodulated digital measurement signal. 



the digital measurement signal toeing filtered 
using a digital frec^uency— selective adjustable 
second filter unit ( S2 ) in order to ot>tain a 
30 useful signal, and 



the useful signal t>eing evaluated in order to 
detect a fault in the test speoimen. 



35 



the J^/D converter stage toeing triggered at 

integer fraction of the frec^uency of the 
oscillation, n toeing selected as a function 



an nth 

carrier 
of the 
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of the :Erel3.t±^o sp>eecl iDetween the test s£>ecimexi 

3inci tine p*3rolDe 3.nci the effective w±cith of the 

pirok>e, and the f jcecgoertoy — s el e ot ± ve sooonci filtejr 

unit loeing adjiasteci ats a fuinotion of the fsixalt 
f irequienov - 

^2, The methoci 3-S olslmeci in olslm 1^ chsiraot ejri :z;eci 



in tha-t the jcelstix/^e movement iDetween the test speoimen 
10 (13) and the p>rot>e <14) jresialts from the test speoimen 

]oeing ino'v^eci line^r:ly with jrespeot to the p)2rok>e . 

- The method as cl3.imed in ola.im 1, ohs irsot earl zed 



in tha.t the irel3.ti-ve mo-vement k>etween the test specimen 

1S and the parot>e oresialts firom the pj:?ot:>e jrotatin<g with 
respeot to the test speoimen . 

„4 * The method olaimed in one of the pjceoeding 



c::laims,r ohajcato t e jri zed in that the t transmit tez: is a coil 
2.0 (12) to which a aradi of arecguenc v JkC voltage in the 
f jrecjuerkOY' range from 1 kHz to 5 MHz is applied in order 
to induce eddy currents in the test specimen (13) ^ the 
profoe heing a coil arrangement (14) in which the edd^y^ 
currents induce the periodic signal - 

^ - The method as claimed in one of the preceding 
claims, characterized in that the transmitter (12) is 
supplied with an AC voltage in order to generate the 
periodic electromagnetic alternating fields, the AC 
30 voltage t>eing generated from a toinary^ signal t>y curve 
shaping - 

^ - The method as claimed in claim 5, characterized 



in that the trigger signal for the i\/0 converter stage 
35 (35) is generated toy dividing the frequency of the 
fc>inary signal that is used to generate the AC voltage 
for the transmitter <j_2) t)y n * 

ri . The method as claimed in one of the preceding 



claims, characterized in that n is selected to fc>' 
inversely proportional to the fault frequency in order 
to select the trigger rate of the A/D converter stage 
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(35) to loe a.t loa^st a.p>£>aro2cimst eX V p>iropo3r t ions^l to t!h.e 
R , Tln^e method as oXa.±meci ±n one of th-s pareczeding 



cXa.ims, olnairsot e x:± 2 eci in tlns-t jn ±s soXeoted Xn suLch sl 
manneiT that at Xeast 5^ piref e 3r3.k>X2j^ at Xea.3t 
sampXXng opeoratXons are carried oiat t^V the 
converter stage (35) in an intervaX of time whioh 
corresponds to the inverse ot the fauiXt f recjtaenc^t^ - 

_9 - The method as cXaimed in one of the preceding 



cXaims, characterized in that rt is seXected in snch a 
manner that at most XOO, preferatoX^ at most 50^ 
sampXiog^ operations are carried oot fc>;y the J^/D 
15 converter sta<ge (35) in an intervaX of time which 
corresponds to the inverse of the fauXt freqmency, 

.XO - The method as cXaimed in one of the preceding 



cXaimSjr characterized in that the f rec^iaency^— seXect i ve 
20 second fiXter i^nit (52) is aiat omat icaXXy adjusted as a 
function of the fauXt frequencv l^V the second fiXter 
unit h>eing cXockied at the sampXing rate of the i\/D 
converter stage (35) , 



25 "1 "1 - The method as ciaimed in one of the preceding 

cXaims, characterized in that the second fiXter unit 
<52> has a Xow— pass fiXter in order to remove 
interference components of the demoduiated digitaX 
signaX at frecjuencies higher than the fauXt frequency, 

30 the cut — of f f rec^uency of the Xow— pass f iiter l^eing 
higher than the fauXt freguency, preferafc>Xy higher- than 
twice the fauXt freguency^* 



,12, The method as cXaimed in one of the preceding 



35 cXaims, characterized in that the second fiXter unit 
(52) has a high— pass fiXter in order to remove DC 
components of the demoduXated digitaX signaX, the cut- 
off freguency of the high— pass fiXter loeing iess than 
the fauXt f reguency^, pref eraloXy Xess than a guarter of 
the fauXt freguency. 



1 ^ - The method as oXaimed in one of the preceding 

oXaims^ characterized in that the frequency of the 

carrier osciiXation is seXected in such a manner that 

45 it is at Xeast ten times the fauXt freguency- 
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1 4 . Tho metlnoci 3.3 ola,±meci ±xi one of ttie p^irececiirtg 

the ^/ D oonvoirteor stage (35) sa.mp»les two ^Li^a^loes , in a 
5 ma.n3nejtr offset t>y a. fisceci phase <di f f e Jcence , in oardeir to 

ofc>ta.in the digits! measuirement signal in the foxrm of a 
two — oomp>onent signal • 

=15- The method as claimed in olaim 14, 

10 cha jract eiri ^ed in that the phase diffexrence is 90** ot m 
* 3€0** -+■ 30^r wheore m is an integer - 



1 ^ - The method as claimed in olaim 14 ox: 15^ 
ohajract ejtri zed in that the two components of the digital 
15 measu-irement signal which is piro^ided t>v the J^/O 
comjreirtejr stage (35) aire filtejred sepaxrately lasing the 
second filtejr unit (52) in oirdeir to ot>tain the usefial 
signal in the foirm of a two — component signal - 



20 1 ^ - Th^ method as claimed in claim 16, 

cha iract e 3ri 2: ed in that the two components axre taken into 
accouint when evaluating the useful signal- 



i8. The method as claimed in one of the preceding 



25 claims, characteri z:ed in that the application of the 
electromagnetic alternating fields to the test specimen 
<13) using the transmitter (12) is interrupted at least 
for part of each interval t>etween two successive 
trigger signals for the D converter stage (35) - 

30 

,19- The method as claimed in one of the preceding 



claims, char act eri :zed in that the first filter unit 
<18) has at least one low — pass filter which acts as an 
aliasing filter as regards the sampling t>y the Ik/T> 
35 converter stage (35) • 



_= 20. The method as claimed in one of the preceding 

claims, characterized in that the first filter unit 
(18) has a high— pass filter in order to remove low- 
■40 freguencv interference signals - 

.21. The method as claimed in one of the preceding 



claims, characterized in that the speed <v) of the test 
specimen (.13) is determined by means of measurement or 
■4-5 is firmly prescribed as a parameter. 
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.22. Tln^ metlnoci olaimeci ±n orxe of tine pMreoecJixig 



(IS) ±s oonn^oteci lap^st: ream of tlie i\/D con v-ex-t ez: stage 
(35) ±n oordeir to olna-nge ttie s±<5n3^1 to tine amp^Xitiado 
whtxoti Xs op>tiina.lXv sxiiteci to the i\/D conv^earte:^ stage- 



>^ - Tine metlioci a.s olsXmeci ±n oXaiim 1, 

clnaaratcrter ± zeci in tJi^t ttie t i:a.nsmi tt ejr uses 

10 e Xec t jTomagnet i c e:Kcita.tion to genejrate soxinci wai'v^es in. 

the test specimen, a.n<d. tine , p>i:ot>e detects soiand W3.ves in 
the test specimen a.nd convejrts them into the pe^riodic 
elect jricai signal * 

15 - The method as claimed in claim 1, 

characterized in that the transmitter radiates 

microwaves into the test specimen, and the prot>e 

converts microwaves into the periodic electrical 
signal . 



20 



30 



_2 5 , I^n apparatT_LS for the inomdes t r uic t ive and 



contact — free detection of faults (15) ^ part icutlarly h>;y 
means of eddy currents, in a test specimen (13) which 
is moved, at a speed (v) , relative to a protoe (14) that 
25 is characterizied Idv effective width (WB) , said 

apparatus having 



a device (17) for detecting the relative speed 
between the test specimen and the prolDe^ 

a transmitter (12) for appl^i^ing periodic 

electromagnetic alternating fields to the test 
specimen , 

35 the protoe for detecting a periodic electrical 

signal which has a carrier oscillation whose 
amplitude and/or phase - is/are moduXated as a 
resuXt of a fault in the test specimen if the 
fault reaches the effective width of the prot>e, 

AO 
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SL forec^uiency— select ±vo first filteir Tjm±t (18) fox: 
filtearixTLg the p>2ro3De signal, 

3. 1 2rigger:3.t>le A/D oon^ert ear stage (35) foar 
5 samp>l±ng the signal whioh has ]c>een f iltexreci using 

the f iorst f iltoir unit in oirciejr to ot>tain a 
ciemodiala t ed digital measojrement signal, 

a ciirive dovioe <37) fox: tnriggejring the A/D 
10 convejTtejT stage at an 21th integer fjraotion of the 

fjreguenoy of the carrier oscillation, n fc>eing 
selected as a function of the fault f rec^uencv 
which is obtained as the c^ootient of the relative 
speed t>etween the test specimen and the prot>e and 
iS the effective width of the protoe. 



a digital f r eguiency— s e lect i^re second filter unit 
(52) which can toe adjusted as a function of the 
fault f reguency and is intended to filter the 
20 digital measurement signal for the purpose of 

ohtaining a useful signal, and 



an e^raluation unit (50) for evaluating the useful 
signal for the purpose of detecting a fault in the 
25 test specimen* 

=2 6. The apparatus as claimed in claim 25, 



characterized in that the prok>e (14) is in the form of 
a differential coil or an absolute coil for measuring 
30 eddy currents - 



^ "y The apparatus as claimed in either of claims 

25 and 26, characterised in that a hinary signal source 
(44, 48) and a cur^v^e shaper (40) are provided in order 
35 to generate a supply voltage signal for the transmitter 
(12) from a binary signal Joy means of curve shaping- 
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^ ^ - The ap»f5a:2r3.t T-ts as o J_ 3. J_mo ci in c:l3.±m 2 7, 
dT.a_ Jtr so "be jr± 21 od ±ri. that the cijr±ve c3ov±oe <3T) ha^s 3. 
cixv^ider (30) ±n o3r<le!jr to gooex-a.te the t2r±ggo3r s±g-nal 
foar the convejcteor sta.^e (35) firom the lD±na.iry signal 

fox: the oujcve shapeir <40) t>;y dividing said lijinarv 
signal t>y -T? - 



15 



,2 9, The apjp^ara tuis as claimed in claim 28 



cha jract e r i z:ed in that the loinar-y signal souurce is in 
10 the form of a timejc (44) _ 

30- The ap^p>a2ratu.s as claimed in one of claims 25 



to 2 9, characte jrized in that the convejrtejr stage 

<35) has a iresoliation of at least 16 foits - 

31 * The app>a2rat\is as claimed in one of claims 25 



to 30, cha^racteri zed in that the J^/E> convejrteir stage 
<35) has at least one flash con^vejrt e jir oir ST^R. con^e^rte^r * 

20 3 - The af>p>a jratuis as claimed in one of claims 25 

to 31jr chanracteorized in that the second f iltejr \mit 
<52) is foirmed lofy a digital signal processor <40> - 

33. The apparatus as claimed in one of claims 25 



25 to 32, char act e r i :2:ed in that the converter stage 

(35) has two 2\/]D converters (32, 34) which are 
conn^c-tz&d in parallel, the two ^/D converters t>eing 
triggered at the same frecjuiency in siach a manner that 
the^/ sample in a manner offset t>V ^ f i:K^ed phase 
30 difference in order to olotain the digital measurement 
signal in the form of a two— component signal- 
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^ jfx e — x r i' v ein!:: x on — 1 jat^ g!- ^ — =ferO — a:^ — m g= i t-Z H r - T , f o bht e 

nondes't ri-iot i a.n.<i corttaot: — f jree <de-beotion of fa.ult:s ±n 

3. test sp>.ec:±men -HL 3 ) wtixch is moveci> Srfe 3P' e ! @ci ^ 

relative to 3. pirofcte ( i 4 > -- tha.t et^t^-ag o t e : 3f-i ! a e <A — fery ariRr 

^- ^lEei ot i ^F -^ wid t - iH: <-W&-^/ 1 jn<5 ]p^-3fH£^fe«! ^ y^ ±.rL^ t^its^^d; =fe-o < ^ <r > ^..^.^^^ 

cl^teQ |,s>, 3. p>e3riociic3 electirical signa.1 w - ti i-^lf^ 1^ ^ ^ 

oa-jczriejT oscillation whose amplitiade and/oar jDii.ase is/azre 

modulatedl t>y ^„aa3£ fault - (IS) in the test sf^ecimen-j: t he ^ 

nrhe pj:rot>e signal lis ^^ d :: n g ;_J^ f iltexred and k > e i n c j samp^led t>y 

m^!5 ^! i k n 3 a t jriggejrat>le A/D oonvejrtear stage -i-BS-j-- 

oird@ IT- to ot>ta±n a demodialat ed digital measnirement 
signal which is f ilteared utsing a digital f nrecguency- 

seleotive adj las t aJz>le second filteitr lanit (32;) o^ d&.ir 

to ot>tain a nsefn^ signal which is eTj^aluiated in — <3>-35 d : ^ zr 

to detect a faiilt in the test spfecimen^; fe-hre--_J^li ^^/D 

com^rejTtejT stage fe^-i-n-^_ia tjriggered at SL^f=k n t a 

fraction of the f reguency of the carjrrieir os cillat ion-jr — 
]o -g i i ng selected as a fnnction of the fanlt f ireguency 
whic h — ±r& obtained as the giaotient of the relative sp>eed 
between the test specimen and the probe and the 
effective width of the parobe ^ and the freguency- 
selective second filter unit ^^^&-ir2=!irg__is adjusted as a 
function of the fault freguency- 



